Introduction
============

Gastroesophageal reflux disease (GERD) is a common condition that develops when reflux of stomach contents cause troublesome symptoms and/or complications.[@B1] GERD is defined clinically as at least weekly heartburn and/or acid regurgitation. The prevalence of GERD among the adult population in the Western World is reported to be 10-20%, while in East Asia it ranges from 2.5-7.8%.[@B2],[@B3] In the United States (US) GERD is the most common outpatient diagnosis in gastroenterology[@B4] and affects 20% of the adult population weekly and 7% daily.[@B5],[@B6]

Most patients with GERD fall into 1 of 3 categories: non-erosive reflux disease (NERD), erosive esophagitis (EE), and Barrett\'s esophagus (BE). The 2 main phenotypes of GERD, NERD and EE, appear to have different pathophysiological and clinical characteristics. Furthermore, NERD and EE clearly diverge in their response to antireflux treatment.[@B7]

Currently, the main medical therapeutic modalities for GERD are proton pump inhibitors (PPIs) and histamine type 2 receptor antagonists (H2RAs). The effect of both classes of drugs is mediated through gastric acid suppression, albeit with different potency. Other underlying mechanisms for GERD treatment include neutralizing gastric acidity (antacids), creating a foamy raft in the stomach that prevents or replaces gastric acid reflux (alginate-based formulations), and improving esophageal clearance and gastric emptying (prokinetics). The main goals of GERD treatment are to relieve symptoms, heal and maintain remission of EE, prevent complications, and improve health-related quality of life.[@B8] Presently, PPIs provide unsurpassed clinical efficacy in GERD patients, primarily due to their profound inhibitory effect on acid secretion. However, even in patients receiving PPI therapy, the resolution of esophageal mucosal inflammation is much more predictable than resolution of symptoms.[@B9]

The different GERD phenotypes demonstrate varied degrees of response to antireflux treatment. NERD patients, for example, have a significantly lower response rate to PPI therapy as compared with other GERD groups and consequently constitute the majority of patients with refractory heartburn. Failure of PPI therapy is the most common presentation of GERD in gastroenterology practice today.[@B10],[@B11]

Presently, there are several unmet needs in GERD treatment. Approximately 10-15% of patients with EE fail to achieve complete healing after 8 weeks of treatment.[@B6] Moreover, even when the initial healing PPI dose is continued, 15-23% of patients with Los Angeles grades A (LA-A) and LA-B EE and 24-41% of those with LA-C and LA-D EE relapse within 6 months of initiating maintenance treatment. In addition, up to 40% of NERD patients remain symptomatic while on standard dose (once daily) of PPI therapy.[@B12] Treatment of extraesophageal manifestations of GERD has been clinically disappointing.[@B13] Most of the randomized controlled trials in patients with pharyngeal, laryngeal, or pulmonary symptoms, which are suspected to be GERD related, demonstrate lack of relief or modest benefit with PPI treatment versus placebo. Other unmet needs in GERD include rapid and more effective control of postprandial heartburn, improved control of volume reflux and acid regurgitation, relief of nighttime heartburn symptoms, acid control in BE patients, and a more flexible schedule of PPI administration.[@B8]

The goal of the present review is to provide a brief overview of the new and future drug developments for GERD treatment ([Table 1](#T1){ref-type="table"}).

Histamine Type 2 Receptor Antagonists
=====================================

H2RAs reduce gastric acid secretion by competitive inhibition of the interaction between histamine and H2 receptors that are located on the parietal cells. In addition, H2RAs reduce pepsin and gastric acid volume.[@B14] Currently, there are 4 Food and Drug Administration (FDA)-approved H2RAs in the US: cimetidine, famatodine, nizatidine and ranitidine.

The different H2RAs are considered equivalent in suppressing gastric acid secretion when administered in equipotent doses. The pharmacokinetic and pharmacodynamic differences among the H2RAs seem to be clinically nonsignificant.[@B15] Although H2RAs are effective in controlling basal acid secretion, they have limited efficacy in suppressing postprandial acid secretion. Presently, H2RAs are used to control symptoms and heal mild to moderate EE (LA-A and LA-B).[@B16] In addition, several studies have demonstrated that approximately 30% of NERD patients report symptom relief after receiving an H2RA twice daily for 4 weeks.[@B17],[@B18] H2RAs are particularly helpful in relieving postprandial heartburn for up to 12 hours.[@B19] They are also effective in preventing postprandial heartburn if given 30 minutes before a meal.[@B20] In addition, H2RA at bedtime significantly reduce the duration of nocturnal acid breakthrough.[@B21]

Nizatidine
----------

Nizatidine is one of the currently available H2RAs. A recent study evaluated the effect of nizatidine on the rate of transient lower esophageal sphincter relaxations (TLESRs) and the level of esophageal acid exposure. Ten healthy subjects were randomized to receive nizatidine (150 mg) twice a day versus placebo 60 minutes before a meal for 7 days. Subsequently, patients underwent esophageal manometry and pH testing. Nizatidine significantly increased lower esophageal sphincter (LES) basal pressure as compared with placebo. In addition, nizatidine significantly reduced esophageal acid exposure by decreasing the rate of TLESRs and consequently acid exposure as compared with placebo.[@B22] The aforementioned effects, in addition to accelerating gastric emptying, are likely due to direct or indirect inhibitory effect of nizatidine on acetylcholinesteresase.

Lafutidine
----------

This is a novel second generation H2RA. The drug has been primarily used as an antisecretory agent in Japan. In a randomized, double-blind, placebo-controlled study that included 584 subjects with an endoscopic diagnosis of LA-A and LA-B EE, patients received either lafutidine (20 mg once daily), famotidine (40 mg once daily), or placebo for 8 weeks. The authors demonstrated that lafutidine had an endoscopic healing rate of 71% as compared with 61.4% and 9.7%, in the famotidine and placebo groups, respectively.[@B23] In another study, 23 subjects with heartburn 2 or more times a week, a quality of life and utility evaluation survey technology (QUEST) score of 6 or above, and a negative upper endoscopy, underwent a 24-hour pH test at baseline and again after 4 weeks of treatment with lafutidine (10 mg twice daily). The authors demonstrated a significant decrease in the percentage of time that intraesophageal pH was \< 4 (3.1% to 1.2%). In addition, the percentage of time that intragastric pH \> 3 was also increased significantly (26.6% to 56.5%).[@B24]

Another multicenter study compared lafutidine with rabeprazole in treating uninvestigated dyspepsia. Subjects were randomized to lafutidine (10 mg) or rabeprazole (20 mg), both once daily for 4 weeks. Lafutidine and rabeprazole provided a similar rate of symptom relief in patients with heartburn-predominant uninvestigated dyspepsia. The study supports the value of lafutidine as an effective empiric therapy in this subgroup of patients.[@B25]

Lavoltidine (AH234844)
----------------------

Lavoltidine, also known as loxtidine, is a potent noncompetitive H2RA. Because of an increased incidence of carcinoid tumors observed in rats and mice after loxtidine treatment, the drug was suspended in 1988. The carcinogenic effect was probably related to the prolonged achlorhydria that was induced by loxtidine. However, it is unlikely that the drug has similar carcinogenic effect on the human gastric mucosa.[@B26] Since lavoltidine has shown rapid onset of action, high potency, and prolonged duration of effect after a single dose, GlaxoSmithKline recently conducted 2 clinical trials with the drug. One study was a phase 2 pharmacokinetic/pharmacodynamic study that was started in 2006. The study compared 4 different AH234844 (lavoltidine) doses (dose range is not available) with esomeprazole (40 mg/day) and ranitidine (300 mg/day) in healthy male subjects.[@B27] Another phase I pharmacodynamic study, which was started in 2007, compared 24-hour intragastric pH on days 1, 2 and 7 while subjects were on lavoltidine (40 mg) once daily.[@B28] Presently, there is no available information about the status of these studies.

One of the main limitations of H2RAs is tachyphylaxis that develops quickly, usually within 2 weeks of repeated administration. This pharmacological phenomenon results in a decline in acid suppression that limits the regular use of H2RAs in clinical practice.[@B29],[@B30] Thus, it is still unknown if the new H2RAs have a similar limitation. Furthermore, it will be important to see if the new H2RAs are more effective in treating GERD patients as compared with the first generation of H2RAs.

Proton Pump Inhibitors
======================

The introduction of PPIs into the US market in the early late 1980s revolutionized the treatment of acid-peptic disorders. This class of drugs is currently considered the best therapeutic option for GERD.[@B31] The high potency of PPIs (omeprazole, lansoprazole, pantoprazole, rabeprazole, esomeprazole and dexlansoprazole) is the result of their ability to inhibit the proton pump (H^+^, K^+^-ATPase), which is the final common pathway of gastric acid secretion. They suppress nocturnal, daytime and food-stimulated acid secretion.[@B32] Currently, PPIs are the most successful antisecretory agents for healing inflammation of the esophageal mucosa and relieving GERD related symptoms because of their profound and sustained acid inhibition.[@B6],[@B14] PPIs have made an important therapeutic impact on advanced EE, GERD complications and atypical manifestations of GERD. Even in BE, PPIs markedly improved symptoms control, mucosal healing and esophageal acid exposure.

A recent Cochrane review examined 134 therapeutic trials that included 36,978 subjects with EE and concluded that PPIs demonstrated a better healing effect and faster symptom relief than H2RAs.[@B33] The study did not find any major difference in efficacy among the currently available PPIs. However, the effect of PPIs on symptoms differs between patients with NERD and those with EE. The symptomatic therapeutic gain of PPIs over placebo in NERD patients is much lower than that observed in patients with EE.[@B34] In a systematic review, the therapeutic gain for standard dose PPI in relieving heartburn symptoms compared with placebo ranged from 30% to 35% for sufficient heartburn control and from 25% to 30% for complete heartburn control. Pooled response rates to PPIs once daily were significantly higher after 4 weeks of treatment for patients with EE compared with NERD patients (56% vs. 37%).

Since the introduction of PPIs refractory GERD has become the main presentation of GERD in clinical practice. Specifically, approximately 10-15% of patients with EE fail to achieve complete healing after 8 weeks of treatment. This subset of patients usually demonstrates moderate to severe disease (LA-C and LA-D) and comprises approximately 25-30% of all EE patients.[@B6] Moreover, even when continuing the initial healing dose as maintenance treatment for a period of 6 months, 15-23% of patients with LA-A or LA-B and 24-41% of those with LA-C or LA-D relapse while on treatment. In addition, up to 40% of NERD patients remain symptomatic while on standard dose (once daily) PPI therapy.[@B12] Treatment of extraesophageal manifestations of GERD with a PPI has been relatively disappointing, and many trials showed the drug to no better than placebo for improving or relieving symptoms.[@B13] Important shortcomings of PPIs include lack of effective control of postprandial and nighttime heartburn as well as esophageal acid exposure in BE patients. In addition, PPIs demonstrate a dependence on food consumption for maximal efficacy.

At present, switching to another PPI or doubling the PPI dose has become the most common therapeutic strategy for GERD patients who symptomatically fail to achieve symptom control on PPI once-daily.[@B10] According to a recent Cochrane review, doubling the PPI dose is associated with greater healing of EE, with the number needed to treat of 25.[@B33] However, there is no clear dose-response relationship for heartburn resolution in either EE or NERD.[@B34] Although doubling the PPI dose has become the standard of care, there is no evidence to support further escalation of the PPI dose beyond PPI twice daily for either symptom control or healing EE. When doubling the PPI dose, one dose should be given 30-60 minutes before breakfast and the other 30-60 minutes before dinner. The support for splitting the dose originates primarily from physiological studies demonstrating improved control of intragastric pH when one dose is taken in the morning and the other in the evening as compared with both doses being taken before breakfast.[@B35]

Several approaches have been used to improve the acid suppressive effect of PPIs. They include development of enantiomers that undergo slower hepatic metabolism, incorporation of technology that prolongs drug absorption, and production of compounds that maximize PPI absorption and thus bioavailability.

Extended Release Proton Pump Inhibitors
---------------------------------------

### Dexlansoprazole MR

Dexlansoprazole MR is a dual delayed-release formulation of dexlansoprazole (R-enantiomer of lansoprazole). The capsule of dexlansoprazole MR contains 2 types of granules that release the drug at different pH levels (5.5 and 6.8). Consequently, there are dual peaks of drug release in the serum,the first at 1-2 hours after administration and the second at 4-5 hours.[@B36] Unlike the delayed-release PPIs, dexlanzoprazole MR can be administered without regard to meals.[@B37] Comparative trials demonstrated higher rates of esophageal mucosal healing in subjects with EE who received dexlansoprazole as compared with those receiving lansoprazole.[@B38] Dexlansoprazole MR (30 mg daily for 4 weeks) provides significantly better symptom control as compared with placebo.[@B39] Furthermore, the drug is more efficacious than placebo in relieving nocturnal heartburn and reducing GERD-related sleep disturbances when given in a dose of 30 mg daily for a period of 4 weeks.[@B40] Dexlansoprazole MR offers greater dosing flexibility, which may improve compliance. While the value of dexlansoprazole MR in patients with PPI failure remains to be elucidated, 88% of GERD patients requiring twice daily PPI to fully control their symptoms were able to step down to once daily dexlansoprazole MR 30 mg.[@B41]

### Tenatoprazole

Tenatoprazole is a novel compound that, unlike other PPIs, is not a benzimidazole molecule. It is characterized by an imidazopyridine backbone with substantially prolonged plasma half-life. Tenatoprazole (40 mg once daily) demonstrated better nighttime acid control than esomeprazole (40 mg once daily) in healthy subjects.[@B42] Another study found that this drug markedly inhibits intragastric acidity unrelated to dosing time or food intake.[@B43] S-tenatoprazole-Na, an enantiomer of tenatoprazole, was significantly better in providing gastric acid suppression when compared with esomeprazole (40 mg once daily). Furthermore, it was also demonstrated that higher doses of the drug produced greater acid suppression in a dose-response fashion.[@B44]

### AGN201904-Z (Alevium)

AGN201904-Z (Alevium) is a prodrug of omeprazole. It is acid-stable and therefore requires no enteric coating. This drug has a long plasma half-life due to slow absorption throughout the small intestine. After absorption, the drug is rapidly hydrolyzed in the systemic circulation to omeprazole.[@B45] A comparison of Alevium (600 mg once daily) with esomeprazole (40 mg once daily) in 24 healthy subjects resulted in significantly greater and more prolonged acid suppression during both daytime and nighttime. Alevium once daily showed a 1.9 fold increase in serum half-life as compared with esomeprazole. After 5 days of treatment, Alevium demonstrated significantly higher mean 24-hour intragastric pH, nocturnal median pH, and percentage of time intragastric pH \> 4 was as compared with esomeprazole (*P* = 0.0001) ([Table 2](#T2){ref-type="table"}).[@B46]

### Ilaprazole

Ilaprazole is a benzimidazole compound that is extensively metabolized to the major metabolite ilaprazole sulfone. The drug\'s antisecretory activity, half-life, and safety profile have all been shown to be superior to omeprazole.[@B47] In one randomized study conducted in 235 subjects who had been diagnosed with a duodenal ulcer, ilaprazole at a lower dose (10 mg/day) was better tolerated, safe, and more efficacious than omeprazole.[@B48] Another trial investigated ilaprazole at 3 different doses (5, 10 and 20 mg) as compared with omeprazole (20 mg once daily) in12 healthy subjects. This study demonstrated that 20 mg ilaprazole resulted in a significantly higher mean 24-hour intragastric pH on day 5 as compared with standard dose of omeprazole (*P* \< 0.05).[@B49] A phase II clinical trial was conducted to evaluate the safety and efficacy of different doses of ilaprazole (5, 20 and 40 mg) as compared with lansoprazole (30 mg) on healing of EE.[@B50] Thus far the results of the study remain unavailable.

### Esomeprazole stronium delayed-release (Esomezol)

Esomeprazole stronium delayed-release (Esomezol) is an incrementally modified drug (IMD) manufactured by a pharmaceutical company from South Korea. Strontium salt was used instead of magnesium salt to develop a generic esomeprazole.[@B51] No clinical data are currently available in relation to this drug; however, this product has recently received tentative approval from the FDA but has yet to be released into the market.[@B52]

Proton Pump Inhibitor Combinations
----------------------------------

### Proton pump inhibitor-VB101 (Vecam)

PPI-VB101 (Vecam) is the coadministration of a PPI with a ligand that activates proton pumps in the parietal cells. The rationale behind this combined therapy is to increase the efficacy of the PPI by maximizing activation of proton pumps. In addition, it may allow administration of PPI without regard to food. Vecam is a combination of omeprazole and succinic acid, which has a pentagastrin-like activity that potentiates activation of proton pumps.[@B53] In an open-label study, 36 healthy subjects were randomized to receive once daily Vecam (20 or 40 mg) at bedtime or omeprazole (20 mg) before breakfast. The effect of the different therapeutic arms on intragastric acidity was compared over a 24-hour period. Vecam (40 mg) was significantly better at providing greater nighttime intragastric pH \> 4 as compared with Vecam (20 mg) and omeprazole (*P* \< 0.0001). Similarly Vecam (20 mg) showed significantly better control of intragastric pH as compared with omeprazole (20 mg) (*P* = 0.0069).[@B54]

### OX17

OX17 is an oral tablet containing a combination of omeprazole and famotidine (doses are unclear).[@B55] This combination has shown a 60 % increase in total time intragastric pH \> 4 as compared with omeprazole alone. A combination of tenatoprazole and H2RA has been recently patented.[@B56] However, we are still awaiting studies demonstrating the clinical value of this novel compound as compared with PPI alone.

### NMI-826

NMI-826 is a nitric-oxide (NO)-enhanced PPI. The drug has been shown to be more effective than a PPI alone in healing gastric ulcers.[@B57]

#### Secretol

Secretol is a novel pharmacological compound that combines omeprazole with lansoprazole. Currently, secretol is undergoing a phase II trial that compares its healing rates and symptom control with esomeprazole in subjects with severe EE.

The combined compounds are likely to be niched in certain areas of unmet needs in GERD rather than competing with the currently available PPIs.

Potassium-competitive Acid Blockers
===================================

Potassium-competitive acid blockers (P-CABs) represent a heterogenous group of drugs that shares the same final mechanism of action. This class of drugs inhibits gastric H^+^/K^+^-ATPase in a K^+^ competitive but reversible mechanism. Consequently, P-CABs do not require prior proton pump activation to achieve their antisecretory effect. P-CABs exhibit an early onset of acid-secretion inhibition due to rapid rise in peak plasma concentration.[@B58] Given the pharmacokinetic and pharmacodynamic profile of P-CABs, they are likely to be beneficial as an on-demand therapy for symptomatic GERD.

Linaprazan (AZD8065)
--------------------

Linaprazan (AZD8065) demonstrated similar efficacy as esomeprazole in healing and controlling symptoms of GERD patients with EE.[@B59] However, the drug did not demonstrate any clinical benefit over esomperazole in symptom control of patients with NERD.[@B60]

Soraprazan
----------

Soraprazan showed an immediate inhibition of acid secretion in in vitro models. In animal models, the drug was found to be superior to esomeprazole in onset of action as well as extent and duration of intragastric pH \> 4.[@B61] Presently, there are no clinical data available for soraprazan.

Revaprazan
----------

Revaprazan was demonstrated to be equivalent to PPIs in acid suppression. In a recent study, the authors compared the bioavailability and tolerability of revaprazan alone to revaprezan plus itopride. Revaprazan demonstrated bioequivalence to the combination with itopride without any clinically significant drug-to-drug interaction.[@B62]

TAK438
------

Attempts to develop P-CABs in the last 2 decades have failed to produce even one compound that reached the market. Comparative trials were unable to demonstrate clinical superiority of P-CABs over currently available PPIs. This is primarily due to common utilization of traditional study designs rather than trials that specifically focused on the unique characteristics of P-CABs. In addition, several P-CABs have been associated with severe adverse effects such as liver toxicity. Thus, despite their promising pharmacokinetics and pharmacodynamics profile, their future in the GERD market remains to be seen.

TAK 438, a new P-CAB, demonstrated greater potency and longer lasting inhibitory effect on gastric acid secretion when compared with lansoprazole.[@B63],[@B64] Clinical trials in humans have yet to be published.

Transient Lower Esophageal Sphincter Relaxation Reducers
========================================================

TLESR is the main mechanism of gastroesophageal reflux, both acidic and nonacidic, accounting for all reflux episodes in healthy subjects and the majority (55-80%) of reflux episodes in GERD patients.[@B65] A wide range of receptors is involved in triggering TLESR including gamma-aminobutiric acid B (GABA~B~), metabotropic glutamate receptor 5 (mGlucR5), cannabinoid (CB), cholecystokinin (CCK), 5-hydroxytryptamine 4 (5-HT~4~), muscarinic and opioid.[@B66]

Cannabinoid Receptor-agonists
-----------------------------

Delta-9-tetrahydrocannabinol, a CB1/CB2 receptor agonist, inhibits the rate of TLESRs.[@B67] A study that evaluated the effect of delta-9-tetrahydrocannabinol on TLESRs in dogs and healthy subjects showed that this compound significantly reduced the number of meal-induced TLESRs. However, the drug also significantly reduced the LES basal pressure. Furthermore, adverse effects such as nausea, vomiting, hypotension and tachycardia led to premature termination of the study.[@B68]

Rimonabant is a CB1 receptor antagonist. In a placebo-controlled trial that was conducted in healthy subjects, the drug demonstrated increased LES basal pressure and decreased rate of TLESRs and postprandial reflux. The drug was withdrawn from further investigation due to mental side effects such as depression and suicidal tendency.[@B69]

Cholecystokinin/Gastrin Receptors-antagonist
--------------------------------------------

Gastrin and CCK~2~ receptors are identical. Given the physiological importance of gastrin in the stimulation of gastric acid secretion, the development of a selective CCK~2~ receptor antagonist offers a potential therapeutic choice for acid-related disorders.[@B61],[@B70] Only a few CCK-receptor antagonists have been tested in humans, among them spiroglumide, itriglumide and loxiglumide. Loxiglumide has been shown to inhibit the rate of meal-induced TLESR.[@B70]-[@B72] It is unclear, however, if the effect of loxiglumide is limited to the physiological post-meal increase in TLESRs and reflux episodes, and thus the drug would have no impact on pathological reflux. Itriglumide inhibits gastrin-stimulated acid secretion but might delay mucosal healing; tolerance to the drug may also develop.[@B73]

Other TLESR reducers have been primarily studied as add-on treatments for patients who failed once-daily PPI. However, the development of several novel agents targeting this mechanism has met many obstacles, and thus far none has been found to be useful in clinical practice.[@B74] These included the GABA~B~ agonists arbaclofen placarbil[@B75],[@B76] and lesogaberan,[@B77],[@B78] as well as the mGlucR5 antagonists ADX10059[@B32],[@B79] and AZD2066.[@B80]

Prokinetics
===========

Prokinetic agents have been proposed to improve GERD-related symptoms by different potential mechanisms that include improvement in esophageal peristalsis, acceleration of esophageal acid clearance, increase in LES basal pressure and improved gastric emptying. The clinical benefit of prokinetics as sole treatment for GERD has been modest at best. Moreover, their use has been hampered by many adverse effects.

Mosapride citrate has both 5-HT~4~ receptor agonist and 5-HT~3~ receptor antagonist effects. This drug significantly reduced acid reflux and improved GERD-related symptoms primarily as an add-on therapy.[@B81],[@B82]

Itopride is a dopamine (D2) receptor antagonist, which also inhibits acetylcholine esterase. This drug has been shown to improve GERD related symptoms and reduce esophageal acid exposure in patients with mild EE.[@B83] Itopride inhibits TLESRs without significantly affecting esophageal peristalsis.

Azithromycin is a macrolide with a motilin-agonist properties. The drug also promotes acetylcholine release and stimulates serotonin receptors (5-HT~3~). In a recent study, azithromycin reduced the number of acid reflux events and the size of hiatal hernias as measured by high-resolution manometry. The mean size of the hiatal hernias was larger when reflux episodes were acidic as compared with weakly acidic or nonacidic reflux events. In addition, the acid pocket was more often located below the diaphragm (distal position).[@B84] In another study, the effect of azithromycin was evaluated in subjects after lung transplantation. Subjects receiving the drug demonstrated a significantly lower number of total (*P* = 0.012) and number of acid reflux events (*P* = 0.0037) in a 24-hour period as well as bile acids levels in bronchoalveolar lavage fluid (*P* = 0.0106).[@B85]

Prucalopride, a first-in-class dihydrobenzofuran-carboxamide, is a potent selective 5-HT~4~ receptor agonist with enterokinetic properties. The drug is currently used for chronic constipation. Due to its pharmacodynamic profile, the drug may have a role in GERD patients.[@B86]

Pumosetrag (DDP733) is a partial 5-HT~3~ receptor agonist with GI prokinetic activities. DDP733 increased LES basal pressure in experimental animal models. In addition, DDP733 significantly reduced the rate of reflux events and increased the mean amplitude of distal esophageal contractions without changing the LES basal pressure in healthy human subjects.[@B65],[@B87]

Pain Modulators
===============

In GERD patients with evidence of esophageal hypersensitivity, such as those with NERD or PPI failure due to nonacidic reflux, pain modulators are likely to play a pivotal therapeutic role.[@B8],[@B12],[@B88] Pain modulators, or visceral analgesics, have been shown to significantly improve symptoms in patients with noncardiac chest pain, functional heartburn and refractory GERD.[@B89] Non-organ specific pain modulators such as tricyclic antidepressants, trazodone, selective serotonin reuptake inhibitors, and serotonin/norepinephrine reuptake inhibitors are commonly used in clinical practice to treat functional esophageal disorders.[@B90],[@B91] It is believed that these agents confer their visceral analgesic effect by acting at the CNS level and/or peripherally at the sensory afferent level.

AZD1386 is a transient receptor potential vanilloid antagonist. In a recent randomized, placebo-controlled study that was conducted in 22 healthy male subjects, the authors evaluated the effect of a single dose AZD1386 (30 and 95 mg). The authors used a multimodal stimulating probe in the esophagus (distension, heat and electrical stimulation). AZD1386 (30 and 95 mg) increased esophageal pain thresholds to heat 23% and 28%, respectively (*P* \< 0.01). The drug did not have an effect on perception thresholds for chemical, mechanical or electrical stimuli.[@B88] Elevated liver enzymes during drug treatment have been a major concern.[@B92] In addition, this drug induced hyperthermia, which could represent a challenge in clinical practice.[@B93]

Mucosal Protectants
===================

Rebamipide is an amino acid derivative of 2-(1*H*)-quinolinone with an anti-inflamatory function and thus may be effective as an esophageal mucosal protectant. A placebo-controlled study in 149 NERD subjects who failed PPI treatment assessed the efficacy of this compound. Unfortunately, the authors were unable to demonstrate a significant effect of rebamipide on subjects\' symptoms.[@B94] In another study, investigators evaluated the effect of combining a PPI with rebamipide to heal esophageal mucosal ulcers that occurred due to endoscopic submucosal dissection. During the first 2 days after submucosal dissection, all subjects received an intravenous dose of omeprazole (20 mg) then switched to either rabeprazole (10 mg) once daily alone or to oral rabeprazole plus rebamipide (100 mg) given 3 times daily for 26 days. It was demonstrated that the number of subjects whose ulcer reached the scar stage was significantly greater in the combination group (68%) as compared with the PPI group (35%) (*P* = 0.011).[@B95]

Growth factors, such as epidermal growth factor and macrophage colony-stimulating factors, have a key role in mucosal healing. While early studies in animal models were promising, the value of these growth factors in GERD remains to be studied.[@B96]

Conclusions
===========

PPIs have remained the mainstay of treatment in GERD patients. Drug development in GERD has considerably slowed down as most PPIs became generic and were then available over the counter. However, there are still many areas of unmet need in GERDs, so new therapies are needed. Current compounds under development include improved PPIs, TLESR reducers, esophageal-specific pain modulators, and mucosal protectants. Since treatment failure has become the most common presentation of GERD in GI practice, drug development has focused primarily on this specific area of unmet need. However, it would be a grave mistake to neglect other important areas of unmet need in GERD, which provide a unique opportunity for drug development for a large number of patients in dire need of a therapeutic solution. Regardless, it is likely that further innovation in medical therapeutic options for GERD will continue to decline in the next decade.
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Drugs in Clinical Trial for Gastroesophageal Reflux Disease Treatment
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H2RAs, histamine type 2 receptor antagonist; PPIs, proton pump inhibitors; P-CABs, potassium-competitive acid blockers; TLESR, transient lower esophageal sphincter relaxation; TRPV1, transient receptor potential vanilloid 1.

###### 

Compounds Under Development That Have Been Discontinued
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^a^Also see lavoltidine in [Table 1](#T1){ref-type="table"}.

H2RAs, histamine type 2 receptor antagonist; PPIs, proton pump inhibitors; P-CABs, potassium-competitive acid blockers; TLESR, transient lower esophageal sphincter relaxation; GABA~B~, γ-aminobutyric acid class B; mGluR5, metabotropic glutamate receptor 5; CB, cannabinoid; CCK, cholecystokinin; 5-HT~4~, 5-hydroxytryptamine 4 receptor.
